The physical environment, socio-economic status, diet, parental education and infections determine a child's growth [Sommerfelt and Stewart (1994) ]. In developing countries, the first 2-3 years of growth are very important in determining their adult stature, work capacity and productivity [Martorell, et al. (1990) ]. The reason for this is that children stunted early in life continue to live in the same deprived environment that precludes catch-up growth and, therefore, never catch up to their full growth potential in adulthood [Martorell (1995) ; Osmani (1992) ; Waterlow (1993) ]. Genetic factors have a much smaller role because the growth potential in early childhood is similar across ethnic groups [Martorell (1985) ].
Small stature in men leads to reduced work capacity and productivity. Underweight and stunting increases the risk of morbidity and mortality, and has functional consequences later in life such as diminished work capacity and increased obstetric risk for women [Osmani (1999) ].
In this context, improving child health and nutritional status to prevent underweight and stunting has become very important. Therefore, improving the health and nutritional status of children 0-4 years of age deserves high priority. Understanding the factors that affect growth during these critical periods is essential for determining appropriate intervention strategies to address the problem. The Pakistan Demographic and Health Survey, 1990 -91, [NIPS (1992 ] for the first time collected information on household characteristics and children's morbidity and sickness care as well as anthropometric measurements of children 0-59 months of age. Using these data, this study aims to assess the growth retardation as reflected in anthropometric indicators of height measurements for children under 5 years old according to a set of proximate determinants.
ANTHROPOMETRIC INDICES: HEIGHT-FOR-AGE
Height-for-age is an indicator of past and also continuing or long-term problems in inadequate diet and high morbidity [Sommerfelt and Arnold (1998) ]. It is considered as a proxy for the health of a population [Tanner (1982) ] and this measure is referred to stunting. This term "stunting" is used by human biologists to denote retardation in height growth relative to the standard for well-nourished people [Martorell and Habicht (1986) ]. It results from recurrent and chronic illness, especially when illenesses are not treated properly and from inadequate food intake. Each time the child experiences inadequate nutrition, the child will stop growing or grow more slowly. On the other hand, when the child's nutritional status improves, normal growth resumes, but the child is unlikely to "catch up" to the height that would have been attained if the incidence of poor nutrition had not occurred. Each time a child experiences poor nutrition, it falls further behind in height relative to a child with no such experience. Thus, Height-forage measures a child's cumulative nutritional status since birth.
Anthropometric data around the world suggest that a strong relationship exists between the heights of children and adults in different populations and the measures of socio-economic development [WHO (1995) ]. It is observed that in a population, if the socio-economic conditions develop, heights of children and adults also increase. Stunting in developing countries is a result of economic deprivation [Gopalan (1986) ; WHO (1995) ].
In the assessment of nutritional status: choice of index which best represents the nutritional status; choice of reference population to compare the observed anthropometrical values of individual children; choice of best statistical measure to express the nutritional status of children; and what is the suitable cut-off points for the identification of children who are at risk, are very important [WHO (1995) ].
DATA AND METHODOLOGY
The PDHS data include a total of 6492 births that occurred 5 years preceding the survey to 4061 women. To avoid the violation of the independence assumption, only the last births are included in the analysis.
Thus, this analysis is restricted to 2222 singleton births, born 1-59 months before the survey. To include the survival status of the older siblings in the analysis, only women are included who have at least two births. Those children share risks associated with family behaviour and childcare practice, such as infant feeding, use of health services and general standards of domestic environment and hygiene. Das Gupta (1990) 
Conceptual Framework
Boerma and Bicego (1993) used the conceptual framework proposed by Mosley and Chen (1984) with modifications based on the limitations and structure of the DHS data. Keeping in view the aforementioned frameworks, the model proposed here uses the nutritional status of the living children as the outcome variable categorised as normal growth; stunted; and severely stunted based on height-for-age. Like the Mosley and Chen (1984) framework, the socio-economic variables affect the outcome through the four proximate determinants (data on Injury is not available in the DHS) namely, demographic factors, environmental factors, nutritional factors and health seeking behaviour factors.
The following variables are included in the analysis:
• Socio-economic Variables: Parental education; household possessions; place of residence; region of residence.
• Demographic Factors: Age of the mother at the time of birth; birth order; birth interval; age of the child; sex of the child; previous sibling death.
• Environmental Contamination: Source of drinking water; toilet facilities; housing construction material.
• Nutritional Factors: Birth weight; premature birth; nipple feeding; diarrhea during 2 weeks before the survey.
• Health-seeking Behaviour: Prenatal care; Delivery attendance; place of birth; BCG vaccination and contraceptive use.
Statistical Analysis: Ordered Logistic Regression
The ordered logistic regression analysis, also called the cumulative logit model [Allison (1999) ] is employed and the results are presented in the form of odds ratios. A child with a height-for-age Z-Score below -3SD is considered severely stunted (coded as 3) and a Z-Score lower than -2 standard deviations is considered stunted (coded as 2). Children with normal growth are coded as 1.
The ordered logistic regression models are fit to test the hypotheses that the socio-economic variables work through the proximate determinants to effect growth of the child. First the dependent variables are regressed on socio-economic variables, and then the proximate determinants and interactions are added one by one to observe the change in the regression coefficients. However, to get the final parsimonious model, all the non-significant variables are excluded from the model. The proposed model is shown at Figure 1 .
RESULTS

Socio-economic Factors
As expected, maternal education is negatively associated with height-for-age of the children. As the number of years of maternal schooling increases, the odds of stunting decrease. In the bivariate logistic regression, each year increase in maternal schooling reduces the odds of stunting (OR=0.86, p < 0.001) by 14 percent. When other socio-economic variables are included in the model, model-6 shows that the each year increase in maternal education decreases the odds of stunting by 9 percent (OR=0.91, p < 0.001). Bicego and Boerma (1991) found more than doubling of risk of stunting among children of mothers with no education compared with children of mothers with at least secondary education in an analysis of 17 DHS countries. Table 1 shows that stunting of children is strongly related to the fathers' education (p < 0.001). It shows that each year increase in the fathers' education decreases the odds of being stunted by 9 percent (OR=0.91, p < 0.001) at bivariate level. The fathers' education maintains its significance even when the mothers' education and other socio-economic variables are included in the model. shows that each year increase in the fathers' education decreases the odds of stunting by 3 percent (OR=0.97, p < 0.01).
As expected, Table 1 also shows that the risk of stunting in children born to the mothers with the higher index of household possessions are 70 percent lower (OR=0.30, p < 0.001) than to the risk of stunting compared to the children born to mothers with lower index of household possessions in the bivariate model and 46 percent (OR=0.54, p < 0.001) in the multivariate model. The odds (OR=0.78, p < 0.05) of children with medium index are also 78 percent less to the risk of stunting compared to the children of lower possessions index. Children living in urban areas have the advantage of better nutritional status compared to the children living in rural areas. The bivariate logistic regression analysis shows that rural children are at least twice as likely to be stunted than urban children (OR=0.48, p < 0.001). When all other socio-economic variables are controlled, the odds are 24 percent lower of urban children than rural children to be stunted (OR=0.76, p < 0.05).
Table1
Odds 
Domestic Environment and Hygiene
The logistic regression shows that the source of drinking water, toilet facility and housing construction, each, has a significant effect on stunting both in bivariate and multivariate analysis.
The bivariate logistic regression model shows that the children of the parents who have piped water in the residence and piped water on the property are at lower risk of stunting (OR=0.61, p < 0.001) compared to the children of parents with a well as a source of drinking water. The children of those households depending on surface water have a significantly higher risk of stunting (OR=1.87, p < 0.001). In the multivariate model, when toilet facility and housing construction are included, the odds of stunting among children in households with surface water are 50 percent higher than the households with wells (OR=1.50, p < 0.01). Moreover, the odds of stunting of children with public tap are 66 percent higher (OR=1.66, p < .01) than the children depending on a well as the source of drinking water. This highly significant effect of tap water use on stunting may be that the tap water is contaminated by sewage outflows or the tap water is not chlorinated to any particular standard. According to United Nations (1998), Pakistan needs to address a vast array of problems regarding water usage, for example forty percent of urban deaths are caused by water-borne diseases. Table 2 also depicts the effect of toilet facilities on stunting. It shows that the odds of stunting for children of households equipped with a flush toilet facility are 60 percent lower than the households without any toilet facility (OR=0.40, p < 0.001).
The housing construction material also shows a significant effect on stunting (p < 0.001). In the bivariate model, the odds of stunting (OR=0.49, p < 0.001) for children living in baked brick constructed houses are 50 percent lower than the children living in unbaked brick constructed houses. In the multivariate model, the effect is reduced to 24 percent but it is still significant (OR=0.76, p < 0.05).
Demographic Factors
Maternal age at birth less than 20 years has a significant association with stunting in the bivariate model (OR=2.17, p < 0.001) compared to maternal age at birth 20-29 years. In the multivariate model, children of younger mothers are significantly at higher risk of stunting (OR=1.93, p < 0.01) and children of older mothers are significantly less likely to be stunted (OR=0.79, p < 0.05) compared to the children of mothers aged 20-29 (reference category). Table 3 shows that a long preceding birth interval of at least four years is associated with significantly better height-for-age (OR=0.72, p < 0.001) compared to the children born within a 36-47 months birth interval. In contrast to a long preceding birth interval, children born within 18 months of the preceding birth appear to be at no disadvantage in growth status compared to the children born within 36-47 months of the preceding birth.
Table 3 also shows that having more than 5 siblings has a significant effect on stunting (OR=2.19, p < 0.01). It is common for children to compete for parental resources, which include nurturing and food, among other more durable family resources. The logistic regression analysis shows no evidence of sex differentials in stunting either in bivariate or in multivariate analysis in Pakistan. However, if the sibling has an earlier death in the family, the analysis shows that the index child experiences significantly higher risks of stunting. Table 4 shows that prematurely born children continue to be significantly stunted compared to full-term children in bivariate logistic regression (OR=2.20, p < 0.05) while in multivariate logistic regression the association become very weak (OR=2.0, p < 0.10). However, very small-sized babies experience a significantly higher risk of stunting compared to normal-sized babies in the bivariate (OR=2.39, p < 0.001) and multivariate logistic regression analysis (OR=2.90, p < 0.001).
Nutritional Factors
The analysis also shows that children of mothers who started feeding with nipples have a significantly lower risk of stunting (OR=0.49, p < 0.001). Table 3 also shows that children who experienced an episode of diarrhea during the two weeks before the survey are at higher risk of stunting. The odds of stunting for children who had diarrhea are 36 percent higher than those children who did not have a diarrhea episode during the two weeks before the survey (OR=1.36, p < 0.01). Diarrhea is an important cause of malnutrition. This is because nutrient requirements are increased during diarrhea, whereas nutrient intake and absorption are usually decreased. Each episode of diarrhea can cause weight loss and growth faltering. Moreover, if diarrhea occurs frequently, there may be too little time to "catch up" on growth between episodes, therefore, they are more likely to become undernourished than children who experience fewer or shorter episodes of diarrhea. To prevent growth faltering, good nutrition must be maintained both during and after an episode of diarrhea. This can be achieved by continuing to give considerable amounts of nutritious foods throughout the episode and during the period of recovery. regression analysis (OR=0.91, p < 0.001) shows highly significant lower odds of stunting for children whose mothers received prenatal care compared to the children whose mothers did not receive prenatal care.
HEALTH-SEEKING BEHAVIOUR
The place of delivery appears to be very important for predicting stunting. Table 5 shows that the significantly lower odds of stunting for children whose mothers delivered their babies at hospital {government hospital (OR=0.43, p < 0.001) and private hospitals (OR=0.29, p < 0.001)} for bivariate models and only private hospitals for multivariate level (OR=0.48, p < 0.001). The vaccination of BCG at birth also has a significant positive effect on stunting. In the bivariate model, the odds of stunting are 15 percent lower for children who received a BCG vaccine at birth compared to the children who did not receive BCG vaccine at birth. The effect of BCG vaccination even appears to be stronger at the multivariate level (OR=0.69, p < 0.001). However, when the age of the child was not included in the multivariate model, the BCG did not show any significant effect on stunting, which indicates that the effect of BCG is confounded by age of the child.
Socio-economic Factors and Proximate Determinants
In the previous section, it is observed that stunting significantly varies by age of the child, so the age of the child is included in all the models along with its square and cubic terms. It is seen here in multivariate analysis ( Table 6 ) that all the three age variables are significant (p < 0.001). Model-1 shows the effects of socio-economic variables on stunting. It shows that the mothers' education, fathers' education as well as the index of the household possessions are significantly associated with stunting. It also shows significantly lower risk of stunting in urban children. Children living in the province of Punjab have significantly lower stunting and children living in the province of the Sindh have significantly higher stunting compared to the children living in the provinces of NWFP and Balochistan.
Model-2 includes the household environmental and hygiene variables along with the socio-economic variables. It shows that the children living in households with public tap as a source of drinking water have significantly higher odds of stunting compared to households depending on wells as a source of drinking water. Households with flush toilet facilities are better nourished compared to their counterparts living in households without any toilet facilities. The fit of the Model-2 based on the score test for the proportional odds assumption shows (Chisquare=14.17 with 17 DF and p < 0.66), hence, a good fit.
However, when the group of the demographic variables is included in the model along with the socio-economic and environmental variables, the p-value of score test shows that the proportion odds assumption of the model does not hold. To maintain the validity of this assumption, several variables were included/excluded from the analysis one by one. When the category of maternal age 15-19 years was excluded from the model, the score test for the proportionality assumption becomes non-significant (Model-3), therefore, only one maternal age-group 30-49 left in the model leaving 15-29 as reference age-group.
In model-3 (Score test: Chi-square 24.94 with p < 0.52), the effect of a short preceding birth interval on stunting is significant (p < 0.05). Moreover, preceding birth interval of 18-35 months also shows a marginally positive significance on stunting (p < 0.10), whereas, the interval more than 48 months shows a negative relationship on stunting (p < 0.05). Children of mothers thirty and over years of age show a negative effect on stunting compared to the children of mothers aged less than 30 years (p < 0.05). Moreover, it is observed that children with more than 5 living siblings have a significantly higher risk of stunting. However, sibling death does also appear to have a marginal significant effect on stunting (p < 0.10).
When variables presenting the nutritional factors are included in Model-4 (Score test: Chi-square 30.61 with p < 0.48), the effect of preceding birth intervals and having more than 5 siblings become more pronounced compared to the previous model without nutritional factors included. It means that children who born with short birth intervals and have more than 5 living siblings are more likely to be born premature or small birth size. Mothers who started giving bottle feeding with nipples to their children have significantly better nourished children compared to mothers who did not bottle-fed their children. Children who had episode of diarrhea two weeks before the survey are significantly stunted than those children who did not have episode of diarrhea.
Model-5 in Table 7 (Score test: Chi-square 39.37 with p < 0.28) includes all the explanatory variables; it shows that all the variables maintain their significance as observed in the previous model. Among the health seeking variables, mothers who delivered their babies in the private hospitals show a significant negative effect on stunting (OR=0.41, p < 0.001).
In the final model-6, two interactions are included to see whether there are any sex differentials or if the effect of diarrhea varies as the child grows. It is observed that both the interactions are statistically significant in the expected direction. The addition of interactions in the model shows that boys are at a significantly higher risk of stunting (OR=1.47, p < 0.05) compared to girls but the difference reduces as the age of the child increases (OR=0.99, p < 0.05).
The interaction between diarrhea and the age of the child also shows the effect of diarrhea on stunting increases (OR=1.02, p < 0.05) as the child grows. As observed earlier that the prevalence of diarrhea increase by age, so the effects of diarrhea on stunting. The incidence of diarrhea increases by age because of the reduction of exclusive breastfeeding along with increase in food supplementation. The food can become contaminated more easily under poor hygienic conditions so keeping the child on the breast is protective against diseases. 0.23 0.27 *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10.
The predicted probabilities for the children of severely stunted, moderately stunted and with normal growth are calculated and presented to highlight the effect of one or more predictors by controlling the effect of other variables. Figure 2 depicts how the probability of severely stunted and moderately stunted children increases and the probability of the children with normal growth decrease as the age of the child increases. The probabilities of each category of the dependent variable are calculated keeping the average levels of the independent variables of the then age. Figure 2 shows that the probability of severely stunted children increases up to age 28 months when it reaches about 34.9 percent, and then slightly decreases to 30.7 percent at the age of 43 months and after that it again gets the momentum of higher probability of severely stunting. On the other hand, the probability of moderately stunting increases from 4 percent at age of 1 month to 27 percent at the age of 23 months and remains stable for rest of the months. However, the probability of children for normal growth sharply dropped from 94 percent at age 1 month to 80 percent at age 6 to 60 percent at age 12 and 37.5 percent at age 30 months. After the age of 30 months the probability of normal growth increases from 37.5 percent to 42 percent at age 47 months and then again declines sharply to 29 percent at age 59 months. Figure 2 demonstrates these differences more noticeably. Normal Growth Stunted Severely Stunted Figure 3 and Figure 4 show the differences between the advantaged 1 and disadvantaged 2 children as they grow. It is observed that, at age zero, the proportion of stunting does not exist at birth for the advantaged children, compared to 20 percent of stunted among the disadvantaged children at birth. Moreover, the differences become widened as the children grow. It is clear that at age 5, only 10 percent (Figure 3 ) of the non-privileged children have normal growth compared to more than 70 percent (Figure 4) for the privileged children. Stunting is a phenomenon of early childhood and a direct result of poor diets and infection [Martorell and Habicht (1986) ]. According to them the intense period of growth retardation is generally between 3 and 12 or 18 months. However, in some countries growth retardation continues into the third year or longer but to a lesser extent. At the end of this process, marked departure from normality will have often occurred. There are multiple reasons why stunting occurs in early childhood and not later. In childhood nutritional needs are greater, in relation to weight, than at any time later. One of the reasons that nutritional requirements are high is that growth velocities are the highest they will ever be [Martorell, et al. (1994) ]. Thus, the opportunity for growth retardation is great in early childhood, partly because more growth is taking place. Moreover, infections limit growth in very young children because episodes are more frequent and more severe, especially the malnourished. Finally, young children are totally dependent on others for their care and are hence most vulnerable to poor care taking [Martorell, et al. (1994) ].
Normal Growth
CONCLUSION
The results of the ordered logistic regression show that higher socio-economic status significantly improves the nutritional status of living children. This pattern persists even when the differences in household environment, demographic, nutritional and health care factors are taken into account. These findings are also in accordance with the earlier results that say stunting is caused by poverty in developing countries. As the socio-economic status of parents increases, the prevalence of stunting decreases.
The highly statistically significant better nutritional status is observed for children living in households with flush toilet facilities. The children living in households having at least pit or bucket types of toilet facilities in their households also have better nutritional status compared to the children living in households without any toilet facility. The results are indicative of the importance of safe drinking water and better toilet facilities for improving child survival in Pakistan.
The ordered logistic regression analysis shows that children born at least 3 years after the preceding birth interval are significantly taller in Pakistan. Children who have more than 5 living siblings are significantly shorter than children who do not have any living siblings. This may be due to food competition between siblings in the family.
Our results clearly indicate that the children in families with shorter birth intervals and higher number of living siblings are at a higher risk of stunting. Longer intervals between births will allow more time for the allocation of sufficient family resources for the provision of food for additional needs of these children. In addition, the nutritional problems are also compounded when another child is born with shorter birth interval. Therefore, information, education, and communication efforts should encourage mothers not only 3-4 years intervals between births to reduce stunting, but also nutritional vulnerabilities as well as the attention needed for these children. Moreover, use of family planning to increase birth intervals and reduced family size can result in significant reductions in childhood stunting.
The analysis shows a curvilinear relationship between stunting and child age. It is because in early childhood nutritional needs are greater in relation to weight than at any time later in the life. Therefore, the opportunity for growth retardation is greater in early childhood, partly because more growth is taking place during this period. Moreover, infections limit growth in very young children because episodes are more frequent and more severe. The findings of this analysis show that diarrhea has a greater negative impact on child's nutritional status as the child grows. Diarrheal diseases are widespread in Pakistan. This analysis finds that the diarrheal disease is strongly associated with lower heights in children. In Pakistan, the ORS packets are distributed through the government service delivery outlets for free. In many cases people are taught how to use ORS, but do not use it because it does not conform to their understanding of the character of diarrhea. It is a common practice in Pakistan that mothers reduce the feeding or even stop feeding the child during diarrhea because they believe that giving food will increase the stool output and thus it make the diarrhea worse. To prevent growth faltering, good nutrition must be maintained both during and after an episode of diarrhea. This can be achieved by continuing to give considerable amounts of nutritious foods throughout the episode and during the period of recovery.
However, our findings also show that boys are at a higher risk of stunting compared to the girls; but as boys grow, the odds of stunting decreases compared to girls.
The data presented in this analysis documents a disturbing picture of undernutrition among children less than five years of age in underprivileged subgroups. The findings confirm the great magnitude of under-nutrition, which continues to hamper the physical growth and mental development of more than a half of the Pakistani children. Indeed, it is a major threat to their very survival.
The analysis shows that the causes of growth retardation are deeply rooted in poverty, unhygienic household environment, non-utilisation of the health services and lack of parental education. In order to retain girls in rural schools, free textbooks and nutritional food may be provided in disadvantaged and far-flung areas. This will result in an increase in enrolment and a reduction in the female drop out rate.
The nutritional well being of people is a precondition for the development of societies. The tragic consequences of malnutrition include death, disability, and stunted physical and mental growth and, as a result, retarded national socioeconomic development [WHO (2000) ].
In order to continue to allow underprivileged environments to affect child development not only perpetuates the vicious cycle of poverty, but also leads to an enormous waste of human potential. The Pakistani government may not be successful in their efforts to accelerate economic development in any significant long-term sense until optimal child growth and development are ensured for the majority.
Child malnutrition is an important topic as it not only affect the health status of the child but also puts strains on the economic well-being of the family. In the long run it lowers the productivity of the person and future earnings. A number of studies focused on this issue and came up with estimates of the future loss in productivity and earnings of malnourished children. There are number of programs in developed countries to ensure the normal growth of the children below five years of age. Due to good care provided by these countries to their citizens the prevalence of malnutrition among children is very low or in some cases non-existent.
The empirical evidence indicates that child malnutrition is pervasive in less developed countries. The UNDP report of 1998 shows about 30 percent children below five years of age are malnourished in least developed countries of the world. The prevalence of mal nutrition in Pakistan is also far from satisfactory. The latest Nutrition survey 2001-02 shows that about 40 percent children are malnourished in Pakistan and the situation is deteriorating with time due to rampant poverty in the country.
The author has chosen a topic of prime importance for Pakistan where health indicators does not show any improvement in the last twenty plus years. A set of different independent variables are used to see their impact on the stunting which is one of the indicator of malnutrition for children. Author has used ordered logistics and multinomial logistic models to analyzed the impact of these variables. The effort of the author is commendable because of choosing very challenging job of addressing this issue. The data used for the exercise is also very rich as it provides information on socio-economic as well as health and nutrition related variables. It is a good paper however there is always room for improvement. Some of the caveats of the papers are presented below which may improve the quality of the paper.
(1) There is no explanation given in the paper for including different variables in the model. The author can briefly explain the reasons for including socio-economic, demographic and other factors and expectations about the signs of these variables. (2) The interpretation of the results is also very general and not properly explained or discussed in details. Some statements are included in text without any empirical grounds. (3) The comparisons of the malnutrition among children are made with the standard population of children from the developed countries and not from the standard population of the Pakistan. There is substantial difference in the food intake behaviour and food habits in developed countries and underdeveloped countries. Due to these differences the nutritional standards and their outcome differs in these countries. If we analyse the nutritional status of the children of underdeveloped country and compare it with developed countries, we not be able to draw policy conclusions relevant to LDCs. And therefore the comparison looses its credibility. (4) There are three interrelated measures i.e. stunting, wasting and underweight. One can see the real picture if all three measures are taken into consideration while doing the analysis. The paper uses only one and made sweeping conclusion. (5) Data is not properly described and there is no definition of some of the important variables in the paper.
In the end I must say that the paper with all its weaknesses provide a good empirical evidence of socio-economic , demographic and nutritional factors having impact on the nutritional status of the children under five.
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